Hypokalaemia, with all the above effects apart from death, occurred in a patient while taking positioned-release capsules of carbenoxolone (Duogastrone) in the recommended dose, and within the recommended course duration.
Case report N.M., a 46-year-old Pakistani male waiter, who Serum bilirubin concentration was 1-2 mg/100 ml, alkaline phosphatase activity 16 KA units. Total serum protein concentration was 7-6 g/100 ml, serum albumin 3-8 g/100 ml. Serum calcium 8-8 mg/100 ml (normal range 9 1-10 6 mg/100 ml)l. Hb 15-6 g/100 ml, WBC 7600/mm3, and the ESR was 11 mm in the first hour (Westergren). No abnormality was seen on an X-ray of his chest.
A retrospective analysis of his gastric diet, modified by the patient to include mild curry, showed it to include 80 mEq potassium daily.
Treatment. He was put to bed, and 48 mEq of potassium daily was given to supplement the normal hospital diet. Serial serum electrolyte estimations are shown in Table 2 . After a few days he felt strong enough to wish to get up, and was allowed out of bed after a week. After 3 weeks his serum potassum concentration was near normal, his electrocardiogram had returned to normal, his muscle strength had returned, and his muscles were no longer tender. He was discharged on no treatment to convalesce at home, and admitted for re-assessment 4 weeks later.
He then returned to work, but was re-assessed as an in-patient periodically during the following months. He remains well and a repeat barium meal showed a normal duodenal cap, with no evidence of the ulcer seen previously. Following return to work his only complaint was discomfort in his knee joints. No clinical or radiological abnormality was found to account for this complaint, which was probably caused by ligamentous strain resulting from poor muscle tone.
Serial urinary concentrations and 24-hr outputs of electrolytes, urea and creatinine are shown in Table 2 , as are serial urinary concentration and acidification tests. Renal concentrating ability was tested by measuring the specific gravity of successive urine specimens after the administration of 7 IU Pitressin (Sodeman & Engelhardt, 1943) . The ability of the kidney to acidify urine was tested by measuring the pH of successive urine specimens following an ammonium chloride load (Wrong & Davies, 1959) .
Progress. The urinary acidification test returned to normal by 6 weeks, by which time the urinary concentration test had improved, only returning to normal some time later. The urinary creatinine excretion increased, but the creatinine clearance was still subnormal after nearly 6 months. An intravenous pyelogram was normal. A renal biopsy then showed changes of a membranous nephropathy together with conspicuous, but patchy, interstitial fibrosis with considerable tubular atrophy.
Albuminuria disappeared 3 days after admission, and myoglobinuria was not found again. Repeated microscopic and bacteriological examinations of the urine have remained normal.
Both the aspartate and alanine aminotransferase activity were still raised, being 115 and 135 IU/l respectively, when he was allowed home after 3 weeks. Subsequent estimations have all been normal. The serum creatine phosphokinase level fell to 126 IU/I after 3 weeks, at which time urinary creatine was still present (10 mg excreted in 24 hr), but on return from 4 weeks' convalescence at home it had risen to 260 lU/l. Subsequent estimations have been normal and a muscle biopsy confirmed the absence of residual muscle abnormality. The serum bilirubin level fell to 0 9 mg/100 ml after a week, and thereafter remained below 0 5 mg/ 100 ml. The serum alkaline phosphatase level (KA units) rose to 22 after a week, then to 36 after 3 weeks. The level remained raised, and was 22 after 5 months at which time an estimation of the 5' nucleotidase level showed this to be elevated to 48 IU/I. The serum alkaline phosphatase level finally returned to normal in the sixth month. A hepatic biopsy then revealed a normal lobular pattern, with a slight increase in histiocytes in the portal tract.
The serum calcium was re-estimated when the serum potassium was normal, and was repeatedly found to be within normal limits, as was the serum inorganic phosphorus concentration. The total serum protein and albumin levels remained normal.
Discussion
With adequate dietary fluid, food and potassium intake, and no glycolysis, deglycogenation or apparent gastrointestinal source of potassium loss, renal loss of potassium can be assumed to be the cause of hypokalaemia. High urinary potassium concentration and output, despite severe hypokalaemia, were demonstrated on admission, 3 days after the last dose of Duogastrone. Although the action of carbenoxolone is short-lived after absorption (Parke, 1968) , the positioned-release capsules are designed to remain intact until burst by gastric antral contractions (Galloway, 1968) , and there is evidence that they float in gastric contents and are seldom found in the gastric antrum of patients taking meals (ColinJones et al., 1968) . The release of carbenoxolone from the capsules can therefore be delayed, which is the likely explanation for the inappropriately high urinary excretion of potassium still being found on presentation. In the patient described by Forshaw (1969) , the onset of hypokalaemic myopathy was delayed until 9 days after the last dose of Duogastrone, probably for the same reason.
No corticosteroids, diuretics or any other drugs had been taken that might have explained the potassium excretion. The patient now maintains a normal serum potassium, without excessive urinary potassium loss, so primary aldosteronism is unlikely, Glomerulonephritis may cause potassium wasting, but not with the minimal renal functional impairment which is present in this patient after potassium replenishment. Potassium depletion may itself give rise to severe renal dysfunction, but most evidence indicates that this does not impair renal conservation of potassium (reviewed in Hollander, 1963) . There is only one study which suggests that potassium wasting may then occur (Iacobellis, Muntwyler & Griffin, 1955) .
A nephropathy was suggested on admission by the . Polydipsia may itself diminish the kidneys' ability to concentrate urine (de Wardener & Herxheimer, 1957; Epstein, Kleeman & Hendriks, 1957) , and it has been suggested that primary polydipsia may be a factor in producing a concentrating defect in hypokalaemia (Hollander et al., 1957) . But it has been demonstrated in rats that impaired concentrating ability is not affected by the level of fluid intake , and as many patients do not drink excess water, it is improbable that polydipsia from hypokalaemia is the cause of the concentrating defect (Relman & Schwartz, 1967 Tannen, 1969) , and by hypomagnesaemia (Smith et al., 1962) which was possibly present (vide infra). Impaired urinary acidification with hypokalaemia may indicate not a nephropathy but a physiological mechanism of potassium conservation by an increase in ammonium excretion, and resultant increase in urinary pH (Tannen, 1970) . The low urinary urea concentration on admission may perhaps have been due to polyuria; the low creatinine excretion over the next 24 hr is difficult to interpret in view of the presence of muscle necrosis.
Urinary concentration and acidification returned to normal after potassium repletion. This suggests that the nephropathy was the direct result of hypokalaemia. Duogastrone had only been taken for 5 weeks, and symptoms which could be attributed to hypokalaemia had developed only 2 weeks before presentation. The period during which the patient was hypokalaemic was thus short. Virtually nothing is known of the minimum duration and severity of hypokalaemia which will induce significant renal lesions in man. Most patients have been seriously depleted for at least several weeks and usually many months or years (Relman & Schwartz, 1967) , although Stamey (1956) described the finding of histological evidence of hypokalaemic nephropathy in a patient who died 1 week after uterosigmoidoscopy. The ingestion of a liquorice preparation has only once previously been reported to have given rise to hypokalaemic nephropathy, diagnosed because a diuresis of 6 1/24 hr was not responsive to vasopressin (Chodkiewicz, Clay & Hecaen, 1963) . This patient had consumed large quantities of a drink containing liquorice, and had suffered from periodic attacks of muscle weakness for 3 years before hypokalaemic myopathy and nephropathy were diagnosed. The presence of myoglobinuria suggests an alternative cause for the nephropathy, but such a small amount was present that it can be discounted as a factor in the production of renal impairment.
Creatinine clearance remained impaired 5 months after the serum potassium had been restored to normal. Renal biopsy then showed the histological appearances of membranous nephropathy, together with interstitial fibrosis and tubular atrophy. This abnormality of the basement membrane has not previously been described in hypokalaemic nephropathy and is probably unrelated to it; the other histological changes may just possibly be the result of hypokalaemia. Hypokalaemic nephropathy was thought to be completely reversible (Relman & Schwartz, 1956 ), but might not always be so benign. Progressive renal insufficiency, with no other factor apparent, has followed severe prolonged potassium depletion, and some animal experiments suggest that this may occur (Relman & Schwartz, 1967) .
Hypokalaemic myopathy and myoglobinuria have been previously described following the ingestion of liquorice preparations and derivatives (Table 1) . The clinical and biochemical conversion of the patient's muscles to normal following potassium replenishment, together with the then normal muscle histology, indicate that hypokalaemia was the cause of the myopathy with myoglobinuria. Muscle pain and tenderness were prominent features, and have been noted previously (Heard, Campbell & Hurley, 1950; Strong, 1951; Giroire et al., 1961; Jenny et al., 1961 ; Chodkiewicz et al., 1963; Minvielle, Cristol & Badach, 1963; Morgan, Donald & McAndrew, 1966; Holmes et al., 1970) . Pain is not usually regarded as a feature of hypokalaemic myopathy (Thomas, 1968) , and does not occur in hypokalaemic familial periodic paralysis, nor has it been described with other causes of the hypokalaemia. The pain is due to muscle necrosis caused by hypokalaemia, an occurrence which, with myocardial necrosis, can be produced in animals (Ellis, 1956 ). The absence cf reports of muscle pain in other causes of hypokalaemic myopathy (excluding hypokalaemic familial periodic paralysis which has a very different pathophysiology) might be because the hypokalaemia is less severe, because death intervenes from myocardial damage, because the illness of the patient obscures the symptom, or because, if corticosteroid therapy is being given, the inflammatory response is suppressed. Muscle necrosis in animals treated with corticosteroids is very similar to that associated with hypokalaemia (Ellis, 1953 (Ellis, , 1956 ), while pain is not a feature of corticosteroid-induced myopathy in humans (McArdle, 1969) .
The serum calcium concentration on admission was below normal. A low serum calcium has been found previously in these circumstances (Strong, 1951; Roussak, 1952; Gross, Dexter & Roth, 1966; Muir, Laithwaite & Wood, 1969; Holmes et al., 1970) , and has not been explained. In primary aldosteronism, magnesium excretion in the urine is increased, and in patients with this disease, hypomagnesaemia has been recorded (Mader & Iseri, 1955; Milne, Meuharche & Aird, 1957; Hudson, Barnett & Bernstein, 1957) . Hypomagnesaemia is associated with both hypokalaemia and hypocalcaemia (Shils, 1969) . Perhaps the aldosterone-like effect of liquorice preparations acts similarly. The serum magnesium level has been estimated in four patients suffering from hypokalaemia induced by liquorice derivatives (Mollaret, Goulon & Tournilhac, 1960; Minvielle et al., 1963; Muir et al., 1969; Holmes et al., 1970) . All estimations have been normal but in only the last two of these was hypocalcaemia present.
The serum bilirubin concentration was found to be raised on admission, as was the alkaline phosphatase activity, which remained abnormal, and was associated with elevated 5' nucleotidase activity. This indicates hepatic disease. The aminotransferase activity fell to normal before the serum creatine phosphokinase activity, and any elevation due to hepatic disease cannot be distinguished from that due to muscle damage. 5' nucleotidase activity has not been found to be abnormal in muscle disease (Pennington, 1969) . The serum alkaline phosphatase activity returned to within the normal range after 6 months. A liver biopsy then showed normal hepatic architecture and a slight increase of histiocytes in the portal tracts, probably representing resolving inflammation. The hepatic disorder was probably a direct toxic effect ofcarbenoxolone. Baron & Nabarro (1968) , and Hausmann & Tarnoky (1968) have demonstrated abnormalities of aminotransferase and alkaline phosphatase activity, and bromsulphalein retention during treatment with carbenoxolone. In their patients, withdrawal of the drug led to prompt return of these tests to normal. Hypokalaemia precipitates hepatic coma (Read et al., 1959) , but this is associated with increased ammonium output into the renal vein (Baertl, Sancetta & Gabuzda, 1963) , and with readier penetration of the ammonium ion into the cerebrospinal fluid in the presence ofalkalosis (Warren et al., 1960; Moore, Strohmeyer & Chalmers, 1963) , and not with a direct hepatotoxic effect.
Carbenoxolone sodium (Biogastrone) was of no value in treating patients with duodenal as opposed to gastric ulceration (Doll et al., 1962) . The way in which carbenoxolone exerts its healing effect on gastric ulcers is unknown. Although it is improbable that similar ulcerogenic factors act in both duodenal and gastric ulcers (Avery Jones, Gummer & Lennard-Jones, 1968) , it was postulated that rapid absorption of carbenoxolone from the stomach prevented it from reaching the duodenum, and prevented a beneficial effect in duodenal ulceration. The positioned-release capsule (Duogastrone) was therefore developed and designed for use by ambulant patients (Galloway, 1968) . Clinical trials have given conflicting results. Some double-blind trials have shown a significant advantage in the Duogastrone-treated group (Craig et al., 1968; Hunt, 1968; Amure, 1970) , while others have shown no advantage in the test group (Colin-Jones et al., 1968; Cliff & Milton-Thompson, 1970) .
Complications of liquorice preparations and derivatives are commoner in ambulant than in recumbent patients (reviewed in Hausmann & Tarnoky, 1968) , and though uncommon are potentially fatal. It is important to be aware of their occurrence when considering the use of Duogastrone, and especially as its therapeutic efficacy is unproven.
carbenoxolone sodium (Biogastrone, Duogastrone) may be accompanied by marked hypokalaemia (Turpie & Thomson, 1965) in addition to retention of sodium, oedema and hypertension. Occasionally the depletion of potassium may be so severe as to cause muscular weakness (Mohamed, Chapman & Crooks, 1966; Forshaw, 1969; Muir, Laithwaite & Wood, 1969; Swallow, 1969; Fyfe, Cochran & Begg, 1969) . The patient described by Mohamed et al. also had myoglobinuria. So far as we can determine, the following patient is only the second example in which myoglobinuria has been confirmed following the use of carbenoxolone sodium.
Case report
A man, aged 75 years, was referred to the outpatient clinic on 23 July, 1969. He had previously been seen in 1962, at which time he had had intermittent abdominal pain for 20 years. A barium meal was normal in 1962, and again in 1966, and a barium enema was also normal in 1966. In January 1969, he lost his appetite and was given mist. mag. trisil. His dyspepsia persisted, and from the middle of May onwards his general practitioner gave him Biogastrone 50 mg t.d.s. Six weeks later, he noticed pain in the back of both lower limbs, tiredness, and generalized muscular weakness. These symptoms became steadily more severe, and 1 week before he was seen he noticed that his urine was becoming dark.
On examination, he looked unwell. The pulse rate was 60/min, with long periods of coupled beats. The jugular venous pressure was normal, but there was moderate ankle oedema. The blood pressure was 170/100 mmHg. The heart sounds were normal. No abnormalities were noted in the lungs or abdomen.
The upper limbs were normal. There was moderate weakness of the trunk muscles, and considerable weakness of the proximal muscle groups of both lower limbs; distally, the power was normal. All the tendon reflexes were virtually absent.
Investigations. The serum electrolytes are recorded in Table 1 . The serum aldolase was 68 units/ml (normal 3-12 units/ml) and the creatine phosphokinase was 310 units/ml (normal 0-12 units/ml). The serum aspartate transaminase was 520 units/ml and the serum alanine transaminase was 115 units/ml. Spectroscopy of the urine showed the presence of myoglobin. A 24-hr specimen of urine contained 0-66 g of creatinine and 46 mg of creatine (within the normal range). The serum calcium was 8-3 mg/100 ml, the serum inorganic phosphorus was 3-2 mg/100 ml, and the serum alkaline phosphatase was 15 5 KA units. The electrocardiogram showed marked ST-T slurring characteristic of hypokalaemia. A muscle biopsy was reported as follows: 'The striated muscle shows focal areas of acidophilic muscle fibres surrounded by small collections of histiocytes. A few basophilic regenerating fibres are present. The blood vessels are normal. The appearances are those of a myopathy of metabolic or "steroid-induced" type' (Dr R. S. Whittaker). Electromyography was
